In the informal settlements of eThekwini municipality, South Africa, laundry activities are typically undertaken at local standpipes and washbasins of community ablution blocks (CABs), and are characterised by high levels of water consumption and greywater production. Since greywater contains a high pollution load, including sodium tripolyphosphate, it poses a significant environmental and public health risk. The overall objective of this study was to develop and test a water-efficient laundry system designed for informal settlements. Initial fieldwork at a standpipe and CAB in eThekwini municipality showed respectively 56 and 58% of users were in favour of a waterefficient laundry system based upon sharing washing water. Subsequent laboratory work assessed crosscurrent and countercurrent cascades for washing clothes. Under optimised washing conditions at a detergent dose of 5 g/kg water, specific water consumption of 5 kg water/kg clothes and three rinsing phases it was determined that the countercurrent method wasted 33% less water. Thus the countercurrent cascade has great potential for minimising greywater production in South African informal settlements. Future work should concentrate on evaluating greywater production, detergent usage and social acceptability in the field.
INTRODUCTION
The South African government mandates local municipal authorities to provide free basic water, which is deemed sufficient to meet the domestic needs of a household, and sanitation to the population living within their constituency (DWAF ). In the informal settlements of eThekwini municipality, KwaZulu-Natal, the domestic water supply is mostly provided by means of public standpipes and community ablution blocks (CABs). Standpipes, considered the minimum standard of water provision by municipality and government, have historically been installed in informal settlements to serve households located no further than 200 m from the standpipe. Currently 170,000 households in eThekwini municipality have access to potable water through communal standpipes out of a total population of approximately 3.5 million (eThekwini Municipality b).
More recently, the municipality has been installing CABs for water and sanitation provision in informal settlements.
CABs are communal water and sanitation facilities of brick or prefabricated construction, characterised by a female and a male block provided with toilets (and urinals), washbasins and showers, as well as an external laundry area, comprised of two or more washbasins, which facilitate localised production and disposal of greywater. Since 2004, eThekwini municipality have implemented approximately 350 CABs to provide water and sanitation to un-served informal communities (Roma et al. ) .
A comprehensive survey conducted recently on a sample of 900 households in informal settlements of urban and peri-urban areas of Durban (Roma & Buckley ) showed that 69% of the sampled households use CABs for laundry purposes, whilst 10% of households still relied on public standpipes for their washing activities. Laundry activities conducted at communal water supply points (standpipes or CABs) are typically characterised by high levels of water consumption, often because of inappropriate water management, lack of users' awareness of water conservation and infrastructural leakages.
Furthermore, high levels of greywater production -often defined as wastewater from household processes (e.g. washing dishes, laundry and bathing) without input from latrinesproduction brings a unique set of issues. In informal settlements there is anecdotal evidence that greywater is generally disposed of onto the ground outside dwellings and is thought to present a serious environmental and health hazard (Carden et al. ) . Greywater in informal settlements contains high pollution loads, mainly derived from household detergents and chemicals. One contaminant of particular concern is sodium tripolyphosphate, which comprises on average 23% of laundry detergent mass in South Africa and makes a highly visible contribution to the widespread problem of eutrophication and algal blooms in South African reservoirs (Quayle ) . Moreover, high levels of chemical oxygen demand, oil and grease mean that greywater may have a deleterious effect on soil and plants, and it has been observed that people in non-sewered settlements are reluctant to use greywater for irrigation.
Limited microbiological testing has also found faecal contamination above 1,800 organisms/100 mL in greywater, indicating a significant public health risk (Carden et al. ) .
Thus, the overall objective of this study was to design and test an improved communal laundry system, which it was anticipated would provide reduced greywater production relative to existing configurations. The first phase was to assess attitudes towards a system based upon water sharing and to quantify the total water consumed at standpipes and CABs in eThekwini municipality. The second was to design and test laboratory laundry systems which were envisaged to provide a practical method of increasing water efficiency and sustainable resource use. The conceptual premise of this investigation was drawn from a review of ancient and current communal laundry practices.
During the Roman Empire, for instance, laundry was conducted at fulleries, public places where multiple connected laundry containers were supplied with a continuous flux of water (P&G ). Meanwhile, the experimental designs used during this investigation were drawn from experiences of cleaner production in the textile industry where countercurrent cascade systems have extensively been used in wastewater treatment (Groves & Buckley ) .
METHODS
The research was undertaken in two distinct phases. Phase I was a field study conducted at water collection points of two informal settlements: Umlazi (section K), where a standpipe point was chosen and Clermont (Beachway), where a brick constructed CAB was selected. Section K comprises a small part of Umlazi, one of the biggest informal settlements of Durban located in the southern part of the municipality.
Umlazi (section K) has a total population of 15,898.
According to eThekwini municipal statistics, the area is inhabited by Black Africans (100%) and the local employment rate is around 17% (eThekwini Municipality a).
Clermont informal settlement, located in the western part of Durban, has a total population of 45,881. The inhabitants are predominantly of Black African ethnicity (99%), and the employment level in the area is around 25%. In both settlements people live in a mixture of informal and upgraded dwellings.
The water supply points at Umlazi (Section K) and Clermont (Beachway) were selected after consultation with eThekwini municipality, on the basis of the accessibility to communities and the willingness to participate in the study by local people. The study was conducted by two isiZulu-speakers during January 2011. Water meters at the two collection points were used to record total daily water usage. Attitudes towards a new laundry system based upon sharing greywater were collected for 120 users of the standpipe (Umlazi Section K) and 154 users of the CAB (Clermont Beachway). For a randomly selected subset of 35 users (27 from the CAB and 8 from the standpipe), a structured questionnaire was used to gather information about washing habits and demographics. For this part of the survey the quantity of water taken for washing clothes was recorded. Digital scales were used to record the weight of the empty washing sink, sink and clothes, and sink plus water and clothes.
Laboratory work
Dissolved detergent (OMO © , Unilever, commonly used South African washing powder) present in a solution of greywater was quantified using a spectrophotometer at 643 nm. This wavelength was selected as it gave the highest peak in an absorbance spectrum (i.e. a plot of absorbance as a function of wavelength) recorded from 400 to 700 nm.
After the optimum wavelength was selected, a set of different concentration solutions was prepared in deionised water to generate a calibration curve. Error was calculated as the difference between the average and minimum/maximum of measurements taken in triplicate.
Optimisation of washing conditions
For all laundry configurations digital scales were used to measure the mass of the water before and after each washing process in each unit as well as the mass of clothes. It was assumed that the dissolved concentration of detergent could be used to monitor washing efficacy since less detergent remaining adsorbed to the clothes (i.e. higher 
Development of cross and countercurrent cascades
In a countercurrent cascade (Figure 1 ), the two flows move in opposite direction to each other, i.e. as the clothes move 
RESULTS

Overview of fieldwork
The mean daily amount of water collected at the standpipe over 6 days and CAB external laundry basin over 7 days was 2,934 and 7,864 L respectively, which includes water for washing, drinking, cooking and other activities (i.e.
toilet flushing at the CAB). As well as the greater number of users it is likely this difference is related to the greater proximity of houses to the CAB and thus the ease of collecting and transporting water at the facility. It has previously been estimated that having a water supply point on the prop- The next most numerous demographic groups were females aged 40-64 (26%) and males aged between 0 and 14 (9%).
Respectively, 43, 31 and 26% of users spent 2-3 h, 3-4 h and over 4 h per week washing clothes. It was typical for users to wash other people's clothes (80%) and to be sharing washing basins (46%). In both areas investigated, the majority of the population was in favour of a washing system which would share water in order to improve the water efficiency and reduce detergent usage. At the CAB, 58% of the community members said they would use such a system and at the standpipe the equivalent figure was 56% (Figure 3 ).
Laboratory testing
Optimisation of washing conditions number of containers (Seader & Henley ) . Since less detergent remained adsorbed to clothes using the countercurrent method this also suggests the countercurrent cascade would reduce detergent usage compared with the crosscurrent cascade. However, since a fixed dose of detergent was added during the current study this premise was not explicitly investigated.
In the countercurrent cascade water is discarded after the first stage only, whereas with the crosscurrent cascade water is discarded after each stage. In this study three rinsing stages were used. For the countercurrent cascade, 5 L of greywater was discarded after the initial rinse, whereas for the crosscurrent 15 L were discarded in total (5 L from each stage). Thus, comparing water efficiency of the two configurations, the countercurrent was 67% more efficient, as 5 rather than 15 L were wasted. This could take the form of a prototype countercurrent cascade using three dedicated and fixed laundry sinks to replicate the laboratory system in the current study, investigating the users' willingness to use the system, detergent usage and greywater production. The experience of the current study and literature suggests that not only would water usage around communal water supply facilities be dramatically reduced; but that beneficial environmental and health impacts would be derived from reduced greywater production. Having a washing facility adjacent to existing standpipes or CABs would also localise the site of greywater disposal, i.e. at the water supply point rather than fragmented disposal distributed through the surrounding area.
Moreover, where possible, it would be beneficial to connect such laundry facilities to sewerage networks, to minimise direct discharge of greywater into the environment. In an eThekwini context this would entail implementation at CABs. Observations during fieldwork for this study suggest installing a proper drainage system at such washing facilities would minimise accumulation of greywater and in turn reduce associated health and environmental problems.
Communal laundry facilities, such as countercurrent designs, could also make an increased contribution to controlling greywater production in other countries, especially where they could drain into sewerage networks. In
Durban it was notable that a high proportion of users were both washing other people's clothes (80%) and sharing wash basins (46%), which may be associated with the recorded favourable attitudes towards a laundry system involving shared wash water. By extension, potential users' perceptions of communal laundry systems would be a worthwhile topic for pre-implementation assessment in other countries. It was observed that the water supply was, on occasion, of low pressure at the standpipe during the investigation, possibly due to the presence of illegal water connections near the standpipes. The presence of communal laundry facilities of increased water efficiency would hence be likely to improve reliability of supply at these water access points, while also contributing to water efficiency in a country which is classified by the United Nations as having a high level of water stress (UNEP ).
CONCLUSIONS
• The majority of inhabitants in two informal settlements in eThekwini municipality, Durban, South Africa were found to be in favour of a communal laundry system designed to reduce water consumption and based upon sharing washing water.
• Optimised laundry conditions obtained from laboratory tests included a detergent dose of 5 g/kg water, a specific water consumption of 5 kg water/kg clothes and three rinsing phases. Moreover, it was determined that a countercurrent cascade wasted 33% less water than a crosscurrent cascade operated under equivalent conditions.
• It is recommended that a prototype countercurrent laundry facility should be field-tested to further investigate the reduction in greywater production, detergent usage and willingness of users to wash clothes using such a system.
